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Supplementary Methods
Structural Characterizations and Stability Tests for the Model DNA@Nano
Hybrid.
For observation with transmission electron microscopy (TEM) (JEOL JEM-2100F), the DNA@Nano was embedded in an epoxy resin, which was sliced to a thickness of 50 nm using an ultra-microtome. Before cryo-TEM imaging, the LDH nanosheets and free DNA molecules were in the frozen state immediately after being fixed on grid. Circular dichroism (CD) spectroscopy analysis (JASCO J-810) was performed to probe the change of the secondary structure of DNA molecules.
In the thermal stability test, the effect of encapsulation inside the LDH nanoshell on the temperature was determined by recording the melting temperature profiles of Cy3-AA'-Cy5 in the free-DNA form and in the DNA@Nano hybrid from. Melting profiles were recorded at 260 nm using a UV-Vis spectrophotometer equipped with a Peltier temperature controller (SCINCO UV-AN007).
In the chemical stability test for Cy3-AA'-Cy5, the free-DNA form and the DNA@Nano hybrid form were treated with oxidative free radicals. The influence of free radical stress on DNA molecules was investigated by copper-catalyzed DNA damage through co-treatment with ascorbate and hydrogen peroxide. For this test, 5 μl of DNA@Nano suspension (2.9 μg of DNA) was mixed with an aqueous solution containing 2.5 μl of 20 mM L-ascorbic acid, 12.5 μl of 20 mM H 2 O 2 , and 17.5 μl of 500 m CuCl 2 for 5, 10, and 20 min. The reactions were stopped by adding 12.5 μl of 100 mM EDTA. The DNA in the LDH nanoshell was released by dissolving LDH in a slightly acidic solution at pH 4 along with the addition of ethylenediaminetetraacetic acid disodium salt (EDTA) for 15 min at ambient temperature. The released DNA molecules were evaluated by 5% agarose gel electrophoresis without ethidium bromide staining, and microarray DNA-chip assay. The agarose gel images were captured by fluorescence scanner (Typhoon 9400, 
Circular dichroism (CD) spectroscopy is a valuable technique for monitoring
conformational changes in secondary structure of DNA molecules, which arise from the interaction of chromophoric bases with sugar-phosphate groups 37, 38 . As shown in Fig.   S3 (A), the duplex Cy3-AA'-Cy5 DNA revealed a strong negative band at 245~255 nm and a positive band at 270~280 nm. This result is comparable with a B-form conformation of double-helical DNA from herring testis, which was characterized by a negative band at 245 nm and a positive band at 275 nm 39 . The CD spectra of the DNA@Nano hybrid showed characteristic peaks at approximately 245 and 275 nm. This result indicates that the double-helical B-form conformation of Cy3-AA'-Cy5 DNA was not significantly perturbed after the encapsulation by LDH nanosheets 40, 41 . A slight decrease in intensity was observed, which is attributed to a partial loss of DNA helicity due to the electrostatic interaction between the DNA molecules and the LDH nanosheets. The overall feature of CD spectra for DNA@Nano is similar in shape and peak positions to that for free DNA, indicating that DNA encapsulated inside the LDH nanoshell does not undergo significant changes in structural conformation.
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We demonstrated that the encapsulation into inorganic LDH can protect the DNA . Oxygen radicals attack DNA molecules at either the sugar or the base, and consequently lead to sugar fragmentation, base loss, and strand breaking with a terminal fragmented sugar residue 43, 44 . As shown in Fig. S4(A 43, 44 .
As shown in Fig. S4 (B) and S4(C), the free Cy3-AA'-Cy5 DNA molecules were completely degraded within 5 min in an excess concentration of O 2 . By contrast, the encapsulated DNA inside LDH was protected from external oxidative stress from free radicals even after treatment for 20 min. Gel electrophoresis confirmed that, although no free DNA was observed, the encapsulated Cy3-AA'-Cy5 DNA was still maintained normal electrophoretic mobility. The integrity of the Cy3-AA'-Cy5 DNA was verified by a DNAchip hybridization assay, in which each spot of a chip in the form of an O-shape (30 spots within 65 arrays) contains capture DNA corresponding to the unique basesequence for target DNA. In the DNA@Nano, no degradation of DNA was observed even after treatment with free radical for 20 min. Therefore, DNA molecules were stably stored within the nanospace of LDH, and easily recovered afterward using acidic conditions.
The ·OH radical scavengers protect against DNA degradation induced by iron Fenton reaction, whereas radical scavengers (including LDH) are inert in the copper system, so that site-specific generation of ·OH by reaction (3a) cannot be inhibited by ·OH scavengers. If the ·OH radicals are formed in the bulk solution via reaction (3b), they should be ineffective in damaging DNA due to the scavenging of ·OH by AH -43 . Therefore, the results can be explained by the fact that the LDH nanoshell could prevent Cu + from incorporation and complexation at the binding site of DNA, because the LDH nanosheets occupy prominent sites of DNA molecules. Considering that Cu + ion and ·OH radicals are
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extremely small molecules with high diffusion constants, it is expected that the LDH nanoshell can clearly protect against larger deleterious chemicals, including biological enzymes. 
